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Left ventricular dysfunctionAbstract Background: The pathogenic mechanism for the development of left ventricular (LV)
dysfunction in patients with asymptomatic pre-excitation syndrome has not yet been fully eluci-
dated. We sought to assess the impact of pre-excitation on LV systolic function and whether the
use of tissue Doppler imaging (TDI) and speckle tracking is more helpful in detection of the LV
dyssynchrony than conventional echo parameters in these patients.
Methods: This observational case control study was carried out on adults with manifest pre-exci-
tation syndromes. A detailed echocardiographic assessment was performed including TDI and
speckle tracking examination.
Results: Our study patients were divided into two groups, group 1: with lateral accessory pathways
(AP) (23 patients aged 31.65 ± 6.5 years), group 2: with septal AP (25 patients, 34.84 ± 10.8 years).
Echocardiography showed a lower ejection fraction (EF) in group 2 than in group 1 (0.60 ± 0.07%
in group 1 vs. 0.50 ± 0.08% in group 2, p= 0.000). The radial strain dyssynchrony index was
higher in group 2 than in group 1 (58.78 ± 33.47 vs. 139.52 ± 21.14 ms; p< 0.0001) with a signif-
icant negative correlation with EF (r= 0.8, p= 0.000). Dyssynchrony detection was higher using
speckle tracking technique than M mode/Doppler methods (p= 0.006).
310 S. Atta et al.Conclusion: Patients with pre-excitation syndrome may have depressed LV function unrelated to
tachyarrhythmia, especially if the AP has a septal location. This dysfunction may be associated with
the LV dyssynchronus contraction caused by pre-excitation. The use of TDI and speckle tracking
echocardiographic techniques may be associated with an increase in the identiﬁcation of manifest
pre-excitation patients with signiﬁcant LV dyssynchrony.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology.1. Introduction
Left ventricular (LV) dysfunction has been described in
patients with accessory pathways (AP). Although prospective
studies are lacking, small case series show that LV dysfunction
in these patients may progress over time.1,2 The use of more
recent and advanced echocardiographic techniques, such as
tissue Doppler imaging (TDI) or speckle tracking echocardiog-
raphy, was suggested to be used to improve the ability of
detecting patients with WPW who have LV dysfunction in
asymptomatic patients with right-sided septal accessory
pathways.3
At present, the pathogenic mechanism for the development
of LV dysfunction and dilated cardiomyopathy (DCM) in
patients with asymptomatic pre-excitation has not yet been fully
elucidated.4 Recognizing pre-excitation as a cause for LV dys-
function is pertinent as it is reversible. Most reports have shown
reversal of LV dilatation and restoration of LV function.5,6
Recovery of cardiac function after radiofrequency ablation oc-
curs over a variable period. Recovery as early as weeks to as late
as 1.5 years has been reported. Interestingly, a septal or par-
aseptal accessory pathway has been documented in most pa-
tients with overt ventricular pre-excitation who developed LV
dysfunction or DCM in the absence of recurrent tachy-arrhyth-
mias. This ﬁnding suggests that the location of the accessory
pathway is an important feature in the pathogenesis of this dis-
order. However, the studies done in this aspect are still limited
and still require more research to conﬁrm this ﬁnding.
2. Aim of the work
We sought to assess the impact of pre-excitation on LV systolic
function in relation to the location of the accessory pathway
(AP) and whether the new echocardiographic techniques as
tissue Doppler imaging (TDI) and speckle tracking are more
helpful in detection of the LV dyssynchrony than conventional
echocardiographic parameters in these patients.
3. Patients and methods
This observational case control study was carried on adult
patients recruited from Cardiology Department, Faculty of
Medicine, Assiut University, Egypt and Saud Albabtain
Cardiac Center, Al-Dammam, KSA in the period between
June 2009 and April 2013.
Included patients had manifest pre-excitation diagnosed by
the surface 12-lead ECG using the following criteria: Short PR
interval less than 120 ms during sinus rhythm. QRS complex
exceeding 120 ms with a slurred, slowly rising onset of QRS
complex in some leads (Delta wave). Secondary ST-T wavechanges that are generally directed in an opposite direction
to the major delta and QRS vectors.7
Exclusion criteria were: the presence of frequent palpita-
tions, any signiﬁcant organic heart disease, pericardial disease,
pulmonary disease, alcoholism, neuromuscular disease, renal
failure, malignancy or any systemic disease that may be asso-
ciated with left ventricular dysfunction.
The study was approved by the Institutional Ethics Com-
mittee, and all patients gave their written informed consent
at enrollment.
All patients were subjected to complete medical history,
physical examination, chest X-ray and conventional 12-lead
electrocardiogram (ECG). We predicted AP location using
two published and well accepted algorithms for localization
of AP location from the pre-excited ECG.8,9 This was applied
by two independent investigators (this localization was con-
ﬁrmed by electrophysiologic study (EPS) in the cases done
for risk stratiﬁcation.
The patients were divided into two groups. Group 1 in-
cluded patients with ECG localization of lateral APs (whether
left or right lateral) to be compared with another group
(Group 2) with a septal location of AP. All patients had 24
Hours ECG (Holter) monitoring as a part of their assessment
to rule out signiﬁcant arrhythmia as well as a part of the risk
stratiﬁcation of the AP.
4. Echocardiographic examination
Echocardiographic assessment was performed in all patients
and each examination included using an M-mode, two-
dimensional, pulsed Doppler modalities as well as TDI and
speckle tracking examination, all under continuous ECG trac-
ing (Vivid 7, Vingmed – General Electric, USA). M-mode trac-
ings were obtained at the level of the papillary muscles in the
parasternal long axis or short axis views and measurements
were performed according to the American Society of
Echocardiography recommendations.10
The following measures were obtained in all patients: left
ventricular end-systolic and end-diastolic dimensions, left
ventricular fractional shortening, ejection fraction (EF%) using
simpson’s biplane method and dyssynchrony indexes. All
measurements were done 3 times and a mean was calculated.
The examinations were done and analyzed by two observers.
LV function was categorized according to the guidelines of
the American Society of Echocardiography10 as normal if the
EF is >55%, mildly abnormal if EF is 45–54%, moderately
abnormal if 30–44%, and severely abnormal if EF is <30%.
Dyssynchrony indexes were calculated as follows:
M-mode index:
Septal-to-posterior wall motion delay (cut-off value =
130 ms): the measurement was obtained from the M-mode
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inward motion of the septum and the left posterior wall.11
Assessment of interventricular dyssynchrony:
The aortic pre-ejection time was measured from the
beginning of QRS complex to the beginning of the aortic ﬂow
velocity curve recorded by pulsed-wave (PW) Doppler in
apical 5-chamber view. The pulmonary pre-ejection time was
measured from the beginning of QRS complex to the
beginning of the pulmonary ﬂow velocity curve recorded in
the left parasternal view. The difference between the two
values determined the interventricular mechanical delay
(IVMD); an IVMD >40 ms was considered as the cut-off
value for interventricular dyssynchrony.12
TDI time intervals and indexes:13,14
For TDI analysis, the digital cine loops were analyzed using
commercial software (Echopac 6.1, General Electric-Vingmed,
Milwaukee, WI, USA) by two observers, blinded to the clinical
condition. The sample volume was placed in the LV basal por-
tions of the anterior, inferior, septal and lateral walls (using the
2- and 4-chamber images), a high frame rate of 150 frames/s
(fps) was used and per region, the time interval between the on-
set of the QRS complex and the peak systolic velocity were de-
rived as follows:
Time to peak velocity, including the post-ejection period:
the interval from onset of the QRS to the maximum positive
velocity, including the period after aortic valve closure. Lateral
and septal basal segments in the apical four-chamber view are
compared and dyssynchrony is present when the delay in acti-
vation of opposite walls is more than 65 ms.
Aortic valve closure is automatically driven from the time/
velocity curves at the basal septal segment very close to the
aortic valve and it is positioned at the end of the negative spike
after ejection (The time point closest to AVC is the time point
of zero velocity after the initial negative velocities at end-
systole).15
Speckle Tracking Dyssynchrony Analysis:16
For speckle tracking analysis, standard grayscale 2D
images were acquired in the 2- and 4-chamber apical views
as well as the parasternal short-axis views at the level of the
papillary muscles. Special care was taken to avoid oblique
views from the mid-level short-axis images and to obtain
images with the most circular geometry possible. All of the
images were recorded with a frame rate of at least 40 fps to al-
low for reliable operation of the software (EchoPac 6.1).
From an end-systolic single frame, a region of interest was
traced on the endocardial cavity interface by a point-and-click
approach. Then an automated tracking algorithm followed the
endocardium from this single frame throughout the cardiac cy-
cle. Further adjustment of the region of interest was performed
to ensure that all of the myocardial regions were included.
Next, acoustic markers, the so-called speckles, equally distrib-
uted in the region of interest, could be followed throughout the
entire cardiac cycle. The distance between the speckles was
measured as a function of time, and parameters of myocardial
deformation could be calculated. Finally, the myocardium was
divided into six segments that were color coded as previously
described17 and displayed into six segmental time-strain curves
for radial strain (RS).
Speckle-tracking analysis for each of the six segments of the
mid-ventricle short-axis view was done and the time to peak
radial strain was measured. Then, the radial strain dyssynchro-
ny index was calculated as the difference between earliest andlatest time to peak strain and a cut-off value = 130 ms was
considered in our study as diagnostic of signiﬁcant
dyssynchrony.18
5. Data analysis
All data are expressed as the mean ± standard deviation (SD).
A two-tailed paired t-test was used for statistical comparisons
by SPSS version 16 (The Statistical Package for the Social Sci-
ence Program). Signiﬁcance was considered according to the
level of (P-value) as follows: P> 0.05 = not signiﬁcant,
P 6 0.05 = signiﬁcant, P 6 0.01 = highly signiﬁcant and
P 6 0.001 = very highly signiﬁcant. For skewed data, we
determined median values and we ran a Mann–Whitney’s U
test. Pearson correlation was used to correlate EF and dyssyn-
chrony index, EF and QRS width and also to correlate be-
tween QRS width and dyssynchrony indexes.6. Results
Our study included 48 patients, 32 males, with age range be-
tween 19 and 56 years (33.3 ± 9.1). Patients were divided into
2 groups according to ECG localization of AP. Group 1: pa-
tients with lateral AP (20 left lateral, 3 right lateral and a total
of 23 patients) aged 31.65 ± 6.5 years. Group 2: patients with
septal AP (25 patients), (34.84 ± 10.8 years). There was no
statistically signiﬁcant difference between the two group as re-
gards age (p= 0.2), gender or other demographic data (Table
1).
The ECG diagnosis for lateral or septal location of the
accessory pathways, was conﬁrmed by electrophysiologic
study (EPS) in 29/48 (60%) of the cases and the rough ECG
localization of the AP to the septal or lateral locations was
found to be >96% accurate as it was correct in 28/29 patients
subjected to EPS for risk stratiﬁcation. However, the accuracy
of more speciﬁc segmental localization was not assessed as our
study is concerned with comparing lateral vs. septal locations
of APs and not considering where on the septal or lateral walls
(anterior ‘‘superior’’, mid or posterior ‘‘inferior’’) are the AP
insertions. The QRS width in group 1 (Lateral AP group)
was 133.9 ± 11.9 ms while it was found to be signiﬁcantly
wider in group 2 (septal AP group) (154.0 ± 24.3) p. 0.001.
Echocardiographic assessment showed that LV dysfunction
(with LVEF < 55%) was present in 24/48 included patients
(50%). There was statistically signiﬁcant difference between
the two groups in LVEF with signiﬁcantly less EF in group
2 than in group 1 (0.60 ± 0.07% in group 1 vs.
0.50 ± 0.08% in group 2, p< 0.001). The overall LV systolic
function was impaired (EF < 55%) in 4 (17.4%) patients with
left lateral APs, vs. 20 (80%) patients with septal accessory
pathways (p= 0.000). The degree of left ventricular dysfunc-
tion was severe with EF < 30% in two of our patients
(Fig. 1 shows one example of these patients). The two patients
belonged to the septal AP group. Correlation of the EF to the
QRS duration showed a signiﬁcant negative correlation
(r= 0.789; p= 0.000) as shown in Fig. 2.
In the study population the EDD range was between 3.9
and 7.32 cm (4.84 ± 0.68); while the ESD range was between
2.77 and 6.8 cm (3.71 ± 0.72); the EDV range was between
59.32 and 392.22 ml (120.32 ± 58.66); while the ESV range
was 21.25 to 314.43 ml (57.55 ± 45.65).
Table 1 Demographic data of the study population in the two groups.
Data Study population p. Value
Group 1 (Lateral AP) Group 2 (Septal AP)
Total count 23 25 ns
Males, No. (%) 15 (65.2%) 17(68%) 0.8
Age (mean ± SD) years 31.7 ± 6.6 34.8 ± 10.8 0.2
DM, No. (%) 1(4.3%) 0(0%) 0.5
Smoking, No. (%) 0 (0%) 1(4%) 1
HTN, No. (%) 4(17.4) 6(24%) 0.5
Weight (mean ± SD) kg 70.52 ± 9.41 74.88 ± 10.43 0.1
Heart rate (mean ± SD) 75.87 ± 11.22 79.89 ± 12.20 0.2
No CAD patients in the study population. AP: accessory pathway, DM: diabetes mellitus, No: number.
Figure 1 Above is the 12 lead ECG of patient number 5 suggestive of a manifest right posteroseptal accessory pathway. Below on the left
is a parasternal long axis echocardiographic view showing left ventricular dilatation and EF of 16%, on the right is the Radial strain
dyssynchrony index of them same patient with a value of 163 indicating signiﬁcant dyssynchrony.
Figure 2 A scatter plot graph showing the signiﬁcant negative
correlation between the ejection fraction (EF) on the vertical bar
and QRS width on the horizontal bar (r= 0.789; p= 0.000).
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while the ESD range was 2.77–4.9 cm (3.57 ± 0.6); the EDV
range was 59.32–226.98 ml (120.36 ± 49.00); while the ESV
was 21.25–117.65 ml (49.39 ± 25.87). In group 2, the
EDD was 4.13–7.32 cm (4.83 ± 0.71); while the ESD was
3.00–6.80 cm (3.85 ± 0.8); the EDV was 70.44–392.22 ml
(120.28 ± 67.37); while the ESV was 27.00–314.43 ml
(65.05 ± 57.84). There was no statistically signiﬁcant differ-
ence on comparing the two groups as regards EDD, ESD,
EDV, ESV with p values (0.9, 0.1, 0.9 and 0.2) respectively.
Dyssynchrony indexes:
Dyssynchrony by M mode: Using M-mode assessment, sep-
tal to posterior wall delay was signiﬁcantly more in patients
with septal AP than in those with lateral AP (131 ± 58 ms
vs. 81 ± 41 ms, p= 0.002). Dyssynchrony by Doppler:
Figure 3 A scatter plot graph showing the signiﬁcant negative
correlation between the ejection fraction (EF) on the vertical bar
and the radial strain dyssynchrony index on the horizontal bar
(r= 0.8, p= 0.000).
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group 2 (29.5 ± 9.9 vs. 38 ± 13.1 ms, p. = 0.01).
Dyssynchrony by TDI: TDI showed signiﬁcant inter-seg-
mental delay among patients with manifest septal APs with
average time to peak delay difference between the basal lateral
and basal septal segments of 14.9 ± 38.1 in group I (lateral
AP) vs. 52.7 ± 36.4 in group 2 (septal AP) and due to skewed
data we determined median values which were 10 and 52 ms
respectively, we ran a Mann–Whitney’s U test which showed
that there was a statistically signiﬁcant difference between
the two groups; U= 34, Z= 5.25, p= 0.00.
Radial strain analysis: The radial strain dyssynchrony index
obtained from the assessed speckle tracking for each of the six
segments of the mid-ventricle short-axis view, was signiﬁcantly
lower in group 1 than in group 2 (58.78 ± 33.47 vs.
139.52 ± 21.14 ms; p< 0.0001). When we assessed the EF
vs. the dyssynchrony index obtained from speckle tracking
analysis, there was a signiﬁcant negative correlation between
the dyssynchrony index and EF in the study population
(r= 0.8, p= 0.000) and this relation is shown in Fig. 3.
The dyssynchrony parameters are summarized in Table 2.
The QRS duration correlated with septal to posterior wall








No of patients with LV dysfunction
No of pts. with Dyssyncrony by m mode (>130 ms), No. (%)
No of pts with dyssynchrony by Doppler (>40 ms), No. (%)
No of pts with dyssynchrony by TDI (>65 ms), No. (%)
No of pts with dyssynchrony by radial strain index (>130 ms), No. (%)
No.: number, AP: accessory pathway, EDD: end diastolic dimension, ESD
end systolic volume, EF: ejection fraction, FMR: functional mitral regu
Imaging.0.36, p= 0.01); dyssynchrony by TDI (r= 0.48, p= 0.001)
and dyssynchrony by speckle tracking (r= 0.6, p= 0.000).
The number of patients with an echocardiographic evidence
of dyssynchrony using each of the above mentioned parame-
ters in each group showed higher prevalence in the septal AP
group and the difference became more signiﬁcant using the
more advanced echocardiographic techniques. The use of
TDI and speckle tracking techniques showed signiﬁcantly
higher detection of LV dyssynchrony in the study population
more than using the conventional echocardiographic methods
(M-mode and Doppler studies) (p. = 0.006), the details are
shown in Table 2.
7. Discussion
In our mostly asymptomatic or minimally symptomatic se-
lected patients with manifest pre-excitation, 24 out of the 48
(50%) included patients were found to have LV dysfunction
unexplainable by tachyarrhythmias. Two of them had severe
LV dysfunction with EF < 30%. Although clinically relevant
arrhythmias are frequently encountered in patients with pre-
excitation syndrome,19 a less common clinical manifestation
in pre-excitation patients is LV dysfunction. It has been recog-
nized that recurrent and sustained tachyarrhythmia may in-
duce DCM (tachyarrhythmia-induced cardiomyopathy).20,21
However, other investigators22–24 have recently described an-
other mechanism by which LV dysfunction and DCM may oc-
cur in children and adults with overt ventricular pre-excitation.
Fazio et al.25 reported the cases of three patients affected by
pre-excitation syndrome who developed dilative cardiomyopa-
thy during the follow-up. They suggested that particularly dys-
kinetic segments, working such as a functional aneurysm,
could induce deep modiﬁcations of intraventricular hemody-
namics, leading to remodeling and progressive ventricular dila-
tion. The exact prevalence of LV dysfunction in patients with
asymptomatic pre-excitation is unknown. Although prospec-
tive studies are lacking, small case series show that LV dys-
function in these patients may progress over time and may
be reverted by ablation23,26
We found that over all LV systolic function was signiﬁ-
cantly less in patients with septal accessory pathways than inStudy population p. Value
Group 1 (Lateral AP) Group 2 (Septal AP)
4.85 ± 0.65 4.83 ± 0.71 0.9
3.57 ± 0.6 3.85 ± 0.8 0.1
120.36 ± 49.00 120.28 ± 67.37 0.9
49.39 ± 25.87 65.05 ± 57.84 0.2
0.60 ± 0.07% 0.50 ± 0.08% P< 0.001
2(8%) 7(30.4%) 0.07
2 (9%) 9 (36%) =0.03
3/23 (13%) 10/25 (40%) 0.05
3/23 (13%) 12/25 (48%) 0.01
3/23 (13%) 15/25 (60%) 0.001
1/23 (4.3%) 17/25 (68%) <0.0001
: end systolic dimension, EDV: minimum end diastolic volume, ESV:
rgitation, LV: left ventricle, ms: millisecond, TDI: Tissue Doppler
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of patients with LV dysfunction was signiﬁcantly higher
among patients with septal than with lateral AP. The two pa-
tients with severe LV dysfunction were found to have septal
APs. Although the exact pathogenic mechanism for the devel-
opment of LV dysfunction and DCM in patients with asymp-
tomatic pre-excitation has not yet been fully elucidated, the
prevalence of septal pathways in the cases reported with dys-
function may relate to the pattern of ventricular activation in
these speciﬁc pathways, but data are limited.2 This is presumed
to be due to dyssynchronous ventricular contraction associated
with a highly pre-excited rhythm in certain AP localizations.4
Regarding the degree of pre-excitation and the width of the
QRS complex, we found a signiﬁcantly wider QRS complex
width among the septal AP patients when compared to the lat-
eral AP patients. In addition, there was a signiﬁcant negative
correlation between the EF and the QRS width supporting
the theory that the degree of pre-excitation on ECG is related
to the LV dysfunction.
In our study, there were a signiﬁcantly higher number of
patients with intraventricular dyssynchrony among patients
with septal AP than the patients with lateral AP using the dif-
ferent echocardiographic parameters. The radial strain dyssyn-
chrony index obtained from the assessed speckle tracking
radial dyssynchrony analysis in our study was signiﬁcantly
higher in group 2 than in group 1 (139.52 ± 21.14 vs.
58.78 ± 33.47 ms; p< 0.0001). This higher dyssynchrony in
group 2 was associated with a higher prevalence of LV dys-
function and there was a signiﬁcant negative correlation be-
tween dyssynchrony index and EF in the study population
(r= 0.8, p= 0.000). These ﬁndings suggest that the location
of the accessory pathway and the associated dyssynchrony
may be an important factor in the pathogenesis of LV dysfunc-
tion among asymptomatic patients with manifest pre-excita-
tion. Our ﬁnding is concordant to the previous report of
Kwon et al.1who found in their study on patients with manifest
Aps that in comparison to patients with normal septal motion
(n= 56), patients with septal dyskinesia (n= 6) had a reduced
LVEF (61 ± 4% and 42 ± 5%, respectively) and an increased
LV end diastolic dimension (P< 0.001 for both comparisons).
Multivariate analysis identiﬁed septal dyskinesia as the only
signiﬁcant risk factor for reduced LVEF, All 6 patients with
septal dyskinesia in their study had right septal APs.1 Their
study was done on a patient population of children, Our study
conﬁrms this ﬁnding in the adult patients.
TDI as well as strain and strain rate deformation parame-
ters based on Color Doppler Myocardial Imaging, and more
recently two-dimensional gray scale images, have evolved as
important methods for the quantiﬁcation of myocardial func-
tion and assessment of dyssynchrony. Speckle tracking strain
analysis is based on grayscale 2-dimensional images, which
permits the assessment of myocardial deformation in 2 dimen-
sions.16 Radial strain represents the myocardial thickening in a
short-axis plane. It was hypothesized by Pavlopoulos and his
colleagues that the newer echocardiography techniques for re-
gional and global myocardial function quantiﬁcation, such as
tissue Doppler imaging or speckle tracking echocardiography,
may demonstrate a much higher incidence of (subclinical) LV
dyssynchrony and dysfunction in asymptomatic patients with
manifest pre-excitation.3 In concordance to this hypothesis,
in our study we found that the use of TDI and speckle tracking
techniques more frequently detected LV dyssynchrony in thegroup 2 more than using the conventional echocardiography
methods (M-mode and Doppler studies). Accordingly, the
use of TDI and speckle tracking techniques may be recom-
mended for identifying patients with signiﬁcant LV dysfunc-
tion secondary to LV dyssynchrony. These patients may
beneﬁt from RF ablation even in the absence of arrhythmic
indication. This postulation is supported by the report by Cak-
mak and his colleagues27 who previously described restoration
of LV synchronization assessed by conventional Doppler after
successful radiofrequency ablation. Similarly, Tomaske et al.2
found an improvement in ejection fraction after ablation of
septal accessory pathways in pediatric patients.
Limitations:
 The relatively small number of the study population limits
the value of the ﬁndings.
 The absence of gold standard localization of the AP by suc-
cessful radiofrequency ablation or EPS which was done in
only 60% of the cases.
 No healthy control patients were included in the study.
 Limitations of TDI and speckle tracking techniques like
angle dependency may have affected the accuracy of the
results but we tried to minimize this by having two observ-
ers to do the echocardiography analysis.8. Conclusion
Patients with manifest pre-excitation may have depressed LV
function unrelated to tachyarrhythmia, especially if the AP
has a septal location. This dysfunction may be associated with
the LV dyssynchronus contraction caused by pre-excitation.
The use of TDI and speckle tracking echocardiographic tech-
niques specially radial strain index assessment may be associ-
ated with an increase in the identiﬁcation of pre-excitation
patients with signiﬁcant LV dyssynchrony.Conﬂict of interest
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